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1. RQfM- SA]|AK£S)_1S 
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[■a.«M] 

[-2-^=1 

s. jj>& ^7i^ av-S-# a.«>lfe B}fl-3g- #*H1 °1 

% 511- ^ I£fe 211- -g-^- ttfeg* Sfl-*Rr -g-^-, % Li 2 S„(n 

^1), a}-^-§- ol^^l o]^s] % 31 

4 ^ -8- D ll ^ ^ ^-71 itsfe ^sfl^-g- £#*t).. 

7l 0.1 mV/s °1«>S1 i?J? *>°1#^ -i-EHE^CL] ^ 

'fl'fl 5fj^7> 2.4-2.0 V #<?HH ^\}t±. ^-7] Jj-^-», A}ol^ 

^ S^#, N, 0 ^ S7> i-f-^ *Nl3>H#3 a?-**, RiOR 2 (Ri * R 2 ^ "Sti), 
^JiiflolE, ^7> lSiH} % -8-«B^l« ^ 5£fe «l°<H3*Mi 

-g-nflS «1*<H*! <ii«!3fe Ri(C0) n R 2 , Ri(C0) n R 2 0R 3 , Ri(C0 2 )„R 2 

, Ri(C02) n R 2 0R 3 , R 1 (CH 2 CH20) n R2(n ^1, Ri, R 2 , R3^ SMIli , l^l'd 

S. 1 

[AJ)0]01] 
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if-E- ^7l2)-«l- «£!-g-§- ej-f-sg- #*1{FAST KINETICS LITHIUM-SULFUR 
BATTERIES} 

£ l^r a. ^^2] ^^13] Aj-ol^eJ ^.^^^^(cydic voltammogram)-a- 
EhH riEflS. 

<2> [A].^ o]-g- Jg-O)] 

o> ■& eH-*8- ^tr ?A°.3.M , clJj- ^Mis>7)l^ ra>€- €7l3r«r «>-§-g- 

<4> [#efl 7l#] 

<5> 3§— % ^^-(Sulfur-Sulfur combination)* 7>*1^ 7)l<a ^-^1- 

* ^ AV-g-^ji, 3^ ^ o>?Vel afe o]^- ^-4 =4* 

-H. £-§-*l(#3l*l) S-S §<H*1£^ SS] ^^7} #±.i>}JL, b>-S-a1( 

S21 ti-^7> ^7>ar>^A-1 S-S S^M ^1 #3H&-?J >0"§-fr °l-§-*H 
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<7> n]^- *)] 6,030,720 Jl(PolyPlus BatteryM-H ^ e]f--% #*l-g- ^«fl^^-S 

Ri((S2CH20)„R2 (n£ 2 ifl*l 10°lJl, Ri 3l R 2 ^ JEfc t^]7]o]4)2l a^#* ^ 
-g-nflS., =^M]-^(donor number)7> 15 ol#t! -S-nfls. ^-nfls. i<g-f?Kr ^ -g-Dfl7> 7l 
^E|<>| ojcf. SEtb, 3.eH?r ofltlls., a-U^^Ccryptand), -§-°fl (donor solvent) ^ 

'JNl* ^sf^AS. 7fl^e}-olS(catholyte)7l- s]fe ^sfl^ol 7l#£M 

<8> IJ-^O] S.^^- ^7lfl-tq- J±°lfe 3ll~* *fl**fe ^J o m-. 

<9>, -g- tf-g- S.^^- #^o] 2)1 ^Sfe ^^T2f. ^ I<v 

<10> ^71* ^*>7l iH)^ 3* ^ SEfe E}* «£■ 

^* i^Sfe * Li 2 Sn(n >1), Sl-^-# 53 SeMS. °l-f- 

#3* £#sRr ^ e1#S4 ^ ^ -§-"fl ?1 ^ -g-Dfla] ^-71 

-Ml* i«-*>fe ^sfl^-ir i«-*Rr ^71^ #-§--§- a.«>lfe e1#-% ^11* 

<n> #7i ^sii^^: o>^ sro#, avoi§^ s^#, n, 0 g S7> a^-s ^h*hs^m*^ 
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s}-*8-#, RiOR 2 (Ri 95 R 2 fe ^riHiHS, &r7} 15.SL4 -g- D fl S> 

-§- D flS. ^l^^l ^tt ^ -8-«fl^|- Ri(C0) n R 2> Ri(CO) n R 2 OR 3 , R x 

(C0 2 ) n R 2. Ri(C0 2 )„R 2 0R 3 , Ri(CH 2 CH 2 0) n R 2 (n :>1, R lf R 2 , R 3 ^r tttf. <&! , 1M1 

> ^-7} ^1* #*lAl?Ha t oj^HI-M ^^-tt^olS-CSn" 1 . V 2 . n ^ 

^ S>4?1 % ^Isfl^ofl tflti- -g-sflS^ 0.5 mM °)aJ-o) Hl-iy-;*]*)-.!? , ^ 

-S-^s) fl*IWfe ^el^^lscv 1 . Sn" 2 , <^?]*} n > 2)^ % 

(atomic sulfur) ^S.^- ^^E 2M °]-$°) w>^*l-tf. 

^Ml-^ -MrEHlHeKcyclic voltammetry)2l ^ ^i^l €-£1 S|H7} 2.4-2.0 V 
^■e\-^jL, if- ^ si) 3^- 2.2-1.7 V ^^HH t4eH-o|, ^ 1>8 v 

ol^ofl'M 4-^4. 

elJflii« ^ °l#s) -8-3E*fls S°fl-*1 ^i^s)^ S^UMi -fe^s. <>1*<H*1 ^ 

Ajejs)^- ^ i ^)7Mt 3* £ SflcK HL^ ^E)>gsHS.4 & 7 ] 

s)-*]- «]-§-* 71 ^r, fflA# IVA^ % s^tH- 

% °1-1-S) ?°1H *)) 2 «7H1# s.^ ^ s. &4. 
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<15> o)*} .aj-tg-g- ^Ml*V7fl ^tr4. 

<16> -g- ffl r€- ^l^^ redox reaction)^- iL°lfe £]f-% ^tr 3 

o]4. ^fl--% ^xl^ ^ «]-§-^( u <r^l) s-S S^l 1 ^ SSI ^-21-^71- #i 

S>J1, WH-AK^Al) S2l ^3^7} ^7>*>^A^ S-S CfAl ^^E)^ 

<17> -& ^aflA^ B|fl~3B- ^^21 4Ji-«« #^1-^1 7) 71 ^ Sfl ^o] 3.7]] 

-■&«■* » °l-§-*}fe "<HMi=r. t-*1), si* -g^ls., ell- §e]4M°lE.* *t -g-*M7]fe- «■« 
3*113* °l-8-tb^. *£■ *-H*lfe nU-e-ofl gsflg 

oj^i^Al-g-^cl-. 35*11, ^^tr E-^^C interconnected electr-ic matr-5x)-fi- -7\Q D i§mnni 
4. °1» 41*1Hfe 3*1)^1 S *r*l Sfe H>^lc1^| A>*c] iL^r}. 

<18> >$£^ /fl 7>x] w 0 vg* # tij *H|*1 7l#*}^, ^7-1 #7ls)-*r <=r 

&fe *m, ^(complex)* H^SH ^^-i-i- 

3M« ^ &fe *)1 l a>^>t1i4 ^ibi- #^1^7l>|i4 se 

fe l-e)^^-°lS.fif ^*}^ ^3-^-3. ti]-g~g- m>3.7fl S>fe *fl 2 

37>*0# *}-§-€4. ^1 1 ^7H)sfe fc^-gsM^ n 

(Homogeneous chemical reaction)^ Til-^K coup led) 3i7lSj-«J- ^ &fe 

£fe -fi-71 #e]o>^^, iel^i^i, #^3)1-, 5£fe o]^-^ 
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°] mA^ iva^ »HM % s^-i- 35 ^ ^ ^q. 3 

7>*H* ifl-tt 4 s Sacf. *M ^-^^-Sfe Sc, Ti, V, Cr, Mn, Fe, Co.Ni , Cu, 

Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, Ta, W, Re, Os, Ir, Pt , Au, Hg -f-<>l S.^r 
slJl, #7] HIA^ Al, Ga, In, Tl -§-«l 5.^33. -#7] IVA^ -g-^^^r Si, 

Ge, Sn, Pb -§-°l S^S^r. 
9> 3*-% #*HH ^Sfl^* DISH'S (supporting electrolyte)"?] -fM 

-§-«fl« 51^4. «1 -n-71 ^.Tiflfe % ^i(S 8 )sf -Sel^sM^CV 1 , V 2 . n 
•■•^2)* ^ -g-*fls>^<^> ^jl, el* ^3rfe #o>a>*&)BHa ool^.*l ^.S^^l-^ 

i-^S}-^ -tfBfl (-fully oxidized state) 1 ?! #41 p1iS-£mH]^ :( -g-nfli^ ^tt 

-§- D Hl ^Hrt}. * wj-^i ^ # o] «^^3)-ol S (s n -l, Sn" 2 , <^7H n >2) 

uH-feJ- ^^-o]h.(S- 2 )S1 % ^SH^fe 0 iLEf 33 -2 Jit* ^[olifl.^^^M-^^/ % - 
.. a>-£- z)ol( su if ur C hain length)^. ^3)^]. ^sK^} O^.^&eili^^olH. 

- ^ -g-i-HlS -g-sflsl&ler ofl^-si^i^; ^rs}-^7> -l c]#si\ 

^-g-Bfll- ^oj A^StJ-. ^^^AS #2l^2r°1^2l -§-*fl 

517} 3*12) fJ-Jfl-g-^g: 34. ^^17> -§-^4 7M 

7] HJ-^ ^1 *§^« <r SHr ^^eflsl l-el^^lHCSn- 1 , V 2 . n 

*2)M- -Ss|-ol = (S-2)7> AHl ^7lSl-«l- Hr^-ofl ^« ^ *Kf -fM 
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<20> .g. igj-tgoflA-^ ol&lti- ^«fl€Sl -gr^S- ^tb ^ -g-nflCweak polar solvent)^ # 

^ =-jj§ -g- D fl(strong polar solvent)^ -§-°fl« ^>-§-^r^. ^ <=>}- 

« S^#, A>o]^eJ 31-^3). n, 0 ^ S7> ^tHSA>ol«q S^#, R x 0R 2 (Ri « 

R 2 ^r «-S°H, *W«3 afe oil 3] s ^Efl<g), al«r^ 7>a.vllolE 

(acyclic carbonate), -fr3i -^(dielectric constant )7> 151Lt\- ^ -g-ufl, % ^ 
(elemental sulfur)* -g-*fl*lzl «l 0 eM3*H3 -§-*ll(aprotic solvent-)* S^t^. 

eftb ^ -§- D flsl ^-SflajSl "flS.^ ^rU^Kxylene), ^SeFsMS-Sff-^r, ^ 

^/*rt'HiaA]ofl^, 2-D0^^Eer«r o l-E-S.*^, 2,5-tHiiEllS.^*r 0 l tHU 7r±Li-11 

olS f ^l-JiiflolE, § ^ 5fltJ.. 7j-tt ^ -grcflslir Ri-(6©)SR 2 , -Ri ^ - 

(C0) n R 2 0R 3> Ri(CX) 2 )nR 2 , Ri(C0 2 ) n R 2 0R 3 , Ri(CH 2 CH 2 0) n R 2 (n >1, R x> R 2 , R 3 ^ °rH, 

. i^tq-. <^ ^ «1«9=^*H3 -g-pflS.^ o r l *r°l#^ N, 0 S S 

7> S^-S «fl*HS.AH^Hj 5^-§-, R 1 0R 2 (Ri4 R 2 ^ ttSM^, 4°lt«l «fl #SfiSEfe -Mj/o. 

^ -g-'flafe Ri(C0) n R 2 , R^COnR^R 3 . Ri(C02) n R2. Ri(C0 2 ) n R20R 3 , 
Ri(CH 2 CH 2 0) n R 2 (n ^1, Ri, R 2 ^ R 3 fe «&^, ^Hi, iHi, "S^a^D^ 
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4 S.^S.^ ^sl^>o]jE.(hexamethyl phosphoric triamide), r -^e^hJ-^, o]>Afl;g.q 



<21> 



"P m -*t r i f 1 uor omet hansu 1 f on i m i de ) , b] # ^ ^ # 3] o] e ( i i t h i unn t r i f 1 at e ) , ~> t&ifoi3*i I®! °1 - i ; 



" ^.(lithium perclorate), LiPF 6 SEfe LiBF 4 ^ ^MJ-^K 



S^QQ «Hr* ^ *]7]7] xfl «1^H y o v ^?l ^^(interconnected' 



electric matrix)^- JE^M- ^^HH ^}oi- #°1 

M- ^el-S^alns. ^sH^H si^flM- ^#31^ ^o}*^ 

*Kr*H Al~g-£]^ w>?lcl^ ^aflSM cfl^r 
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-!H8°1 "qojS. -g-cfl£)yHuf — ^ (swel 1 ingH ^^}t\] <£°\^*]^ <?>€^. 

4*M^, 2H-el-&, ^sHWeIs #eH>giffl ^}°1jel, 7}m^Q #2H1H 

. Kynar), -f-elHl'g o}3fiefl°l;E), ^e) E)lJi2}tf iii ^ 3] , i^ai^^El-olH, 

-.fHlo}al^Si, ^ul^e)^, ^el^El^, °-5L*D, al-eM 

^!i^o.-u<24> ell~% #*HH <£^-o_^fe % 7fl<i #^°] % Li 2 Sri(n^ Sl-)=r- 

^--Q-#(organosulfur compound) S£^ #e| ^ [(C 2 Sx) n> 

< l i fh'ium x=2.5-50, >. 2] *m <>1^ a>^-^- ^ £ -*c?l JM S^St>fr 

4d«(i|fe- ^7l*^ £eMS Ol^^l ^efljq AjES£]^ ^ 1 ^7H]# X^r 

mA#, IVA# % g ol§^ # o]#si\ *)1 2 «7>^I 

# x%Str S.^ ^ £ 5^. #71 ^0.3.^ Sc, Ti , V, Cr, Mn, Fe, Co.Ni, Cu, 

Zn, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, Ta, W, Re, 0s, Ir, Pt, Au, Hg ^°1 Si^t 
=)3Z, #71 fflA^ ^-^^.S-fe Al, Ga, In, Tl S^-5)JI #7l IVA^ ^o.sfe Si, 

Ge, Sn, Pb *«1 
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cf. #7| JE^Sfe t^sW ^(ofl: -tf*^: *^-P), ^ 

#^ Sfe *2lo>^^l. «2}E}j2.5ffl, *2l<>M«5ffl. #31=1*4 ^ 3*5^ 
■ »W *1#«1&. It^BlHElS. #2l*fl'fl« WH, 7>ja^^ #2HS* ^l^H, 

0)131=, #el(^l ^3.*&$\°] S ), #3»l^B|<a -a^^o)^ #5 ]^ A ]. # 
slul^s)^^, #31^^, ol*<q a#aH ^ol a>*« ^ $icf. 

r<27>~ £ ^2:*>7l fl^fe ^ , ^^el# ^]2l5W -g-°lH 

— H>OlDl g JE^fl* ^<a*}7fl ^Va]^ ^ ^A^, ^7)1 3* ^>-§-^ ^O] 

>• -H>^-3)5>^, tflX^O.^ 0>AflSulE^ f nfl^fr. ofl^, *HE£|-*W£.3.fl-S. * • °1 

iSSltt ^* *V-g-^ ^ Sli4. 4-8- *-**#?l * «rfc, Li 2 Sn(n>l), 

sf-l-i-, ^.e)^ ^oflA-i *>u|. o]^-g- Sfe ^ej^j ^ i se 

2 ^7Hlsl ^-tgofl °}e>H jf-gq ^_a.?v sM» 7>*1*| #*1 #e)3^ 

s^°l -8-°l*K£J* ^5E» ?W« #«-s>4. 
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<28> oisf ^-o] *na^ ^ell- ^siH HS^ji, ^ 3a*H ^* 
* °1* €*1 ^R-^tk 3£ S «g==- 

SI rcfEf ^MIS. ^^ffl°fl ^^*>^ #^*Vi, #71 ^3*115.^ ^ 

<8€ Al 7l«* A>-g-*Rr ?Jol E}-^ is*gs]*l Hltfl tfltt 

<29> Blfl~* -g-^-JUL elfl- ^ 5£^ 2l#/^ B l-te- ^4 3 

-..a]^ ^(inactive sulfur)-^ ^ei 7>*1 ^7l^-^'35fer^-^i^* ^ «8= 

^7l^ «}-§-ofl ^ #Efls] 4-9Mh**-a]l- ^ Sr^l 

- -§-^-s) ^.3:^(protective layer)«-S^ <31h§- sfe-.-^S. & 

th nl-sH, 21* ^sq. oi el-f- *H ^€ *, ^ ^# -asM 

w>#^lt!- ^#3] 7)^-51^ 3^1] ^ ^ -?-3r)Sl l * ol-S-, cl^ hV^s> 

25-14 



1020000044901 2000/10/2 

Tflfe- 5 % o]^, 7># vMk^}^ 5 30 %o]^. 

<31> Aj-^ -H. gigs) aj^-fl. ^71^-^ 71-g-gr *r°l#3 1-^ILel 

(cyclic voltammetry) -g^* **IHS. ^sI&t}. *H©«1 fct^H^Blfc €*1» 
0CV(open circuit voltageHH 1.5 1.8 W}*} ^]7}^] -M.(negat ive) U-^IS ^ 

-§- ^l^b 3s 1.5 ifl^l 1.8 V°fl>H 2.4 T-fl^l 3.0 V?r*l 51*13 «. (positive) ^IK^-S. *1 
ti-fr i*H3r cl-S-, 4*1 2.4 ^1 3.0 V°)H *i-8- 0CV=7 r *l ^7>El«. ^clS. #<3-§- i - 
^Hs><^ ^?!;t}. olnfl, a>c>1^-^ -M-eKE-ZL^ (cycl ic voltammogram)£r 2 VA£~0.0001 
mV/i *}°131 t^tr ^7l^£.«n^ "g^cf. 
<32> = Ajg). ^ 3ll3.# -g- ^^1^- ^ :&€*t(*lM) r '0'.l 

— -'mV/s i*fl 4rJ£olH A>ol§^ -frEHSelS} ^ ^ ^H.71- 2.4-2-0*V°^tf<*(H'' !: 

^E|-i+^, -f- «i-5fl 3)3.^: 2.2-1.7 V M-E}- 14.31, ^ 3T)a.^ 1.8 V 

' n ^2)4 ^s)- <: >l-^(S- 2 )7l- ^sl«H ^sfl-aMl -8-sfl€ #*fls aM^^JM*"" 

"••^.a ^£7> ^sfl^<Hi tHtb -g-«fl£» ^4- ^€«-8- o i uw^r sa**.*' 

#71 Hi*-* #*13 °<f^ flM-fr % Li 2 Sn(n il), -B-71 * JHl-# g 

°fl£r ^Sfl^H 5 mM °1# % €^(atomic sulfur) ^JE» ^3I*M3, [S]^r 2 

M ol^J-olt).. # 7 | % ^ [S]£, Se 2 "^ ^EflS. ^flsRr 3* S-^ S3 

SLS. ^|-ir«- ^^s>^, 1 M S 
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6 2-2] % Q± [S]fe 6 M°l ^tf. 

<34> ol^> £ a}^^ ^elM- sWtb ^Hfe- 

<35> c^hi 1) 

<36> % ^ 60 #5g=%S}- JE^fl-S. =fr3i-P 20 #^=% ^ H>OlDlS. #H^(Hl^ 0H1«H°1S) 

20 #^=%» ^l^qs^ -g-nflofl^ $^-ar>^ *l*l-§- ^ ^ *a|el* ^2s} 
5Sth °1 *e]el» 2^*-§- Al 3*1*IN a^l-ji, 

^ 3^*0* 12*1 ?>■ oi-s- ^ *H*1 ^lSsV^c)-. <g=^aq- 

4 si t£a B 4i5 *7lJL, fl<* 1 M LiS0 3 CF 3 7}- -§-sfl^ 

"^'•""^(DOL), cH^H'&CDME), c]#e)- 0 J(DG) gj -Mi?}(SL)(5 : 2 : 2 Vl''^^^*^''^ 

ci*}55Hl. n $H -g-^s Bl* ^q-* Qui, ol ^ £^5^4. 

S^s) 0CV<HH 1.5 v1)7>^ o-(negative) U-fAS' #<t# i^Jtb - , " 

1.5 V°M 2.8 Z.z)t£\ H-(positive) i^tb 2.8 V<HH 

^■g- 0CV?M vH7l-Ela. w 0 V*J=o.S ^fl-fr i?J]3>^4. oH, i?J 0.05 mV/iS 

<38> ^-71 -a^H is^ A>ol#e} -M-EfHZ!.^ (cyclic voltammogram)* 5. l°ll u^ifl&c}.. 
tfo], -^H Ifi) ^Ife ^ Hl^fl ^ sla7> ^ 2.3 v ^dlHH, ^f- € 
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^ 3*1=17} ej= 19 v q-E}u(-n}, ^ -£§} 2)3.71- 5f 2.6 V 
* "& ^ 5U4. 

<39> .g. ^-tg£) 5)fl--% #3|-«-S «]-g-°l IB>3 7fl ^^^l 
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b1# SEfe ai» -g-^- *M* atf*Kr 

% LiaSndl >1), -8-71* * °1^-<H*1 5 6fl^ 

21*^31- ^ -g-Tifl * 7j-tt ^ -8- D fl^ -8-71 S^sfe 

* i-g-^fe m>€- ^7l2h«)- MV-g-i: iL^fe 

^-7] ^Sfl^ S}^#, *H#3 S?^#, N, 0 ^ S7> 3L^^ «flBl|SAM#^ 

RiOR 2 (Ri ^ R 2 ^ m^lHH.Hf 3 '%^7> 15S4 ajsg. -§-«)] , ^ • 

*r sl°«Hd*Hd -8- D fl5L ol^-^^l <9«Q3fe ^ ^ -§- D ti 

^ Ri(C0) n R 2) Ri(C0) n R 2 0R 3 , Ri(C02) n R 2 , Ri(C0 2 ) n R20R 3 , Ri(CH 2 CH 2 0) n R 2 (n ^1, R lf R 2 , 

R 3 ^ ««. tt?Hld. ^ ^n fl> A}o].^^ 

e)fl-% ^l* ^a], 1.0 mV/s ^jfl ^£«IM A>ol^^ fEl-iEE] 

^ ^ ^3.7> 2.4-2.0 V ^ofH M-El-M-^ ^"Sl m >€- ^71^ aV-g-i- no] 
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2] 

e)D]s ol^^l ^c])X\ ^S)±r 4 1 JEfe IDA, IVA^f °1* 

-SL°l^r . 

[^t 1 * 3] 

€■ ^7]^ iLol^ s]fl~* ^^1. 

t^T z -% v *4] 

*0 l 5a<H-H , ^*H3£ < §7l<?l cj4V a. 

^■*>^ 33 "?1 ml-s. ^17]^-^- a]~g-g- iL°lfe e)fl-% ^x]. .t.--.-^. 
• 5] 

*fl 1 IN Sa«>W, 2l»<g<fr ell- B2l-5^-ASTfl^*oinl = , Ell- sel# 

2flolS,«3ll- Hl^Seflol e _ Li p F6 ui Li BF 4 S. ol^^l ^M^^s)^ ^ <?] mm • £ ' 
71SW Jiolfe 
[^^*J- 6] 

^>«>1H.. #el«l^ "ti^H^S #^oq«« 7>S^^ § 

BH«« ^}°1=, #HlHl^ IMS., «e|(°fl^ nflEl-S^SllolE), « 3 H j <=| e) T^l #^ 
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fcelal^iiHil, -fHMI, -i-^fls ^ °li-sl s#el^S. °)^- 

<H3l ^°flAi ^^s)^ ^tl rnl-s. ^7ls)-«h «>-§-§■ iL^l^- #*1. 

13 t 1 * 7] 

elfl- ^ 3Efe ^# U-^-al £«-*R=- -8-^-; 

% -S^, Li 2 S n (n SI), -8-71% ^ #Hl^((C2Sx) n : x=2.5~50, - 

n ^2)S °l-f-<^ -gt^fe *H- ol-5J-s] % Till «g=^-*#^;- 



0.1 mV/s 01*1-2} ^l?JJ ^£<H1^1 A>o]g^ -i-El-PHEe) 

,-.;o: > = B}*j| ^ 3i]a.7l- 2.2-1.7 V ^r^^JL, % #^--3i)3.^- 1.8 -^'2 25 

8] 

* 7 *J-°fl SW^I, #71 <8^h8- ^71 J^*, -8-71 SfrtJ* $ «e|El 

&MS ol^-ol^l ^<HH ^^s)^. »l i ^7M1 S£fe ^oi mA, IVA^ ol-l- 
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fe £«1 m>€- ^7lS)-S)- iLo)fe eH-Jfr *}*1. 

9] 

8 fl-ofl 5A<H^ , ^-71 31*113* o>« SJ-^-*, ^HS** Sj-*#, N, 0 S S7> a 

^ *HE)lS.^>fl#^ W§-, RiOR 2 (Ri « R 2 ^ 7hS.iflol e , o.^ 

• 5ft!- ^ R 1 (C0) n R2, Ri(C0) n R20R 3 , -Ri(C0 2 -) n R2-, RiCCO^ORs-RrCCH^H- 

- 2 0) n R 2 (n £1, R lf R 2 , R 3 *r 1^3, , iWl'd, «^l7l)S] 7} 

10] 

»1 8 IN sa°H, #7l ^sfl^ -f-olrii -tVoiq. ^-0]^ <g 7 l?l ^-g-ufl* v^us. 
€71 >£-§--§- 31-* 

^1 8 *<N 5fl°W. -S-71 el# Egi-ajfL^^^^oinis., ^ e^s. 

eflolM, all- Dl-t-S-Eflols f L iPF 6 ^ L j B F 4 3. ©l^f-cH^l ^ofl^ ^^Ite 530] ^ 3 
7lJW #-§--§- Jt<>lfe all-* €*1. 
[^t 1 * 121 

*)1 8 fl-ofl Sfl«H*1, -8-71 n>*]c-|fc -S-71 4-yclfe »el(«ltf oMMME), ^-elwl^ 
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7>S^^-€ #3W«« **>«»ls.. l-s]«l^ nfl^3^ellolm), 

al^Sl, #21*1 ^=13 3, ol-f-2} -^-£^1, ol-f-o^ ^ oiscq 

^l-el^S. ol^-ol^l 3-<>fH ^d^jsl^r ;£7l3}-*}- «]-g-g- j£°lfe 31--% . 

„„,., --,.,,. < .,.,,i[^-p-^' 131- • - 

h)-§- ^ SLfe -g-^- iE^-<sRr -S-q-; 

-^a-oiir.M- ty % Li 2 Sn(n il), -fM* ^# * «-rqH((C 2 Sx) n : x=2.5~50, -■«*«£ 

* S^*>fe s!]-i- ^laJ-SJ- wV-g-^- _5L°lfe e]f--% 

^71 <a*l* *HU1, 0.1 mV/s i^fl ^r5=*IH *HS«1 *Hf»flSBl 

<i) ^ «}*|) 2}a.7> 2.4-2.0 V ^"SHl*! ^-Eful-Jl, ^ ^^11 2.2-1.7 

v ^"SMM M-Ej-q.^, 3} *\3.& 1.8 v oi^-oflAi ^q-jz, #7i % 

€«fl^°fl 0.5 mM ol-S- -8-*fl«H, #71 -g-*fls)<H Sife % tS]^ 2 

M ol-y-o] sj]-g. ^7]2l-4t- aV-g-i: 2}f--% . 
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I^t 1 * 14] 

e)o]S °l-¥-<H# 51*1 *i^=lTr *H 1 ^7>X| SEtt *1°1 -g-^, HIA, IVA^ olS 

- ^ 53 ^1 ^i^l^ wV-g-S- iL^i- elf-% 

13 t 1 * 15] 

i 13 *j-i 5a°w, ^isii^^ °m si-^-i-, *>°is3 si-^-i-, n, o ^ S7> a 

— ^ flUSAMf^ 3^#, R a 0R 2 (Ri ^ R 2 fe Hl-#«*-9!|a3m«»TS';--fi-^ ^7>' 

--wawsiaacf -§-1, % -§-31 ^ ^ Xl^r -s-^s. 01=0^- -o 

ef^ ^ -g-121- Ri(C0) n R 2 , Ri(C0) n R 2 0R 3 , RaCCO^^, Ri(C0 2 ) n R 2 0R 3 , Ri(CH 2 CH 
2 0) n R 2 (n ^1, R lf R 2 , R 3 ^ °>1, £1, £?fli£, "S^, WMzDS] ^» 7> 

^ -g-1, *Vol^q ^Jii-llolE, o.^ 15iH} €■ ^-Blf-l-Bl*!^ 0 !^ 3 

*BWfee9 -§- D fl» m >«- ^law a.<>ife #*1. 

16] 

1 13 *J1 SZ<H*1, -JM ^afl^ -f-o]^ AVoiq- =.o]i <g 7 l«a ^-g-1# i 

■f-*>^ ^-51 ^7]^ ^-§-* &|-§-3g- 
[3?* 17] 

XI 13 *J-1 5fl°H. -8-71 ej*^ e^s^^^Ei-^^oinic, e^i- j=^a. 
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5flols > elf- 3 ]#s.EiloiE i Li pF 6 ^ L1BF4S. ol-f-ol^l 5-°lH ^sl^ $91 ^ 
7lsl-«h •£-§--§- JeLoItt e)#-3§- ^1. 
[3^* 181 

^ S^HlU^l WH, 

7>j2^^ #3HH« ^A>olH., l-E^l^ ofl*HS, «Bl(^]« «4|E|-a«^olE) f 

; -a^sqm^, ^ejal^^eca, #&)iBi<ffi, oi^-e] 4fE*fl, *-®BiSS 

-*-2J-;-v.'.0| 1=1 ' -.! 
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